The inventive capacity of South African universities and researchers is investigated through analysis of university patent applications. Patent applications to the South African Patent office from 1996 to 2006 are used as an indicator of inventive capacity.
R&D organization to a receptor organization (e.g. private company). The process spans the stages from R&D to commercialization and beyond, but with a particular focus on the interface between R&D (often by university research centre, a corporate unit, or by a government laboratory) and commercialization (often carried out by private company) (Rogers et al., 2001 ).
The common mechanisms through which technology transfer between university and industry occurs are: (i) spin off companies, (ii) licensing, (iii) publication, (iv) meetings, cooperative R&D agreements, (v) joint research venture, personnel training, (vi) supervision of post-graduate students, etc. Rogers et al. (2001) propose a composite measure of technology transfer effectiveness for US research universities based on six steps. The measures equally weight six indicators of technology transfer effectiveness: (i) the number of invention disclosures, (ii) the number of US patent applications filed, (iii) the number of technology licenses and options executed, (iv) the number of technology licenses and options yielding income, (v) the number of start-up companies spun off the university and (vi) the total amount of technology licensing royalties earned per year. Most works on technology transfer involving university (e.g., Hameri, 1996; Bray and Lee, 2000; Liu and Jiang, 2001; Chapple et al., 2005) highlight the complexity of the process involving highly complex, recursive and dynamic activities combined with a range of diverse and often conflicting stockholders.
Both the growing social pressure which are demanding useful research and the shrinking of academic research budgets that are motivating increase in focus on exploitable research are also influencing public R&D institutes to forge the partnership with the industry to facilitate technology transfer. Important benefits expected from this partnership are: (i) exchange of technological information and sharing of R&D cost and risks, (ii) learning vehicle to accumulate new skills and broaden the effective scope of activities and reduce technological uncertainty, (iii) gain access to financing, partner's R&D facilities, expertise and new innovative technologies, (iv) networking to keep openUP (December 2007) abreast of research get clash of views and cross-fertilization of ideas (Mohan and Rao, 2005; Veugelers and Cassiman, 2005) .
The quest for best practices in the interaction between academia, industry and government that leads to a significant increase in inventive and innovative capacities is of obvious importance for policy of both public and private sectors as well as for institutional and portfolio evaluation.
Patents are documents providing legal protection of inventions and are the outcome of a complex process involving a dedication of a large volume of resources, including intellectual, technical etc; by research institutions to carry innovative activities (Nieto and Quevedo, 2005) . Patents are a key step in the whole technological innovation process (Ndonzuau et al., 2002) , and are usually used as indicator of inventive and innovative activities (Archibugi and Coco, 2005; Motohashi, 2005; Pouris, 2005; Miyata, 2000) .
Patent and patent applications can also be used to investigate technological change and the relationship between technological development and economic growth (Abraham and Moitra, 2001; Coombs et al., 1996; Gans and Hayes, 2005; Grupp and Mogee, 2004; Pouris, 2006) . A number of studies use patents and patent applications to assess the level of technological development in a particular sector, and the interdependence between industrial sectors and technology (Abraham and Moitra, 2001 ).
The objective of the present study is two-fold: (i) to identify the patterns of patent activities in South African universities, (ii) to identify the influence of business work experience in academic inventive capacity. This is the first time South African universities' patenting activity in the South African Patent Office is investigated.
Our study considers patenting activities at national level in contrast to studies which use patenting in a foreign patent office (USPTO, EPO, JPO). Watanabe et al. (2001) , for example, show that Japan does not apply the same volume of applications to the USPTO as to the Japan Patent Office (JPO) due to costs constraints and market strategy. It can reasonably be argued that the same phenomenon appears in other countries. Patent applications at national level can give an extensive picture of the national innovative openUP (December 2007) activities which is not provided by investigations of patenting activities in foreign countries.
Similarly we investigate the effects of prior working experience of academics in the private sector. Whereas the literature focuses mostly on various forms of partnership between institutions, including strategic alliances, network, joint research ventures etc are pursued for this end (Autio et al., 1996; Verspagen and Duysters, 2004; Numprasertchai and Igel, 2005) , there seems to be a void on a systematic investigations on the effects of the prior working experience of researchers moving from private sectors to university on the production of university research centres in general and in developing countries in particular. The present study seeks fill this void.
A research similar to ours conducted by Dietz and Bozeman (Dietz and Bozeman, 2005) found a correlation between academic researchers patent and publication productivity and their previous work experience in industry and government. The authors argued that the effect of industry work experience is to increase both the social networks and scientific and technical human capital of researchers. Scientific and technical human capital are viewed as a unique synthesis of scientific, technical and social knowledge, with skills and resources embodied in a particular individual (Bozeman and Corley, 2004; Bozeman and Mangematin, 2004; Murray, 2004) . This embedded knowledge is the combinations of individual's stores of tacit knowledge and have both cognitive and socially constructed elements (McAdam, 2004) . Efforts to leverage this form of knowledge are of paramount importance for both industry and academia's researchers.
We assume that if technical capital is thus embodied in researchers working in industry as both Zellner (2003) and Faulkner (1998) argue, migrating from industry to university would obviously increase the foregoing capacity, needed on an institutional level in invention process by the university. This can reasonably be considered as a mechanism of knowledge and/or technology transfer from industry to university. We investigate whether researcher's career path, from industry and other non-university sectors to university can significantly boost scientific and technical human capital and university researcher's inventive capacity.
Provided that our investigation for South Africa will have similar findings as in the technological advanced countries, we could argue that the effect of industry work experience on academics-improved inventiveness-is a universal phenomenon and that universities internationally could use the finding as a policy instrument.
Next we describe the workings of the South African patent system; we outline the methodology used to gather data, and we discuss the findings.
The South African patent system
The South African patent system is managed by CIPRO ( Engineering, Microbiology, Biochemistry, Civil Engineering, Metallurgical Engineering and Veterinary Science) and from the institutions studied, i.e. SUN, WITS, UP, UNNW and UCT. A matching sampling approach was followed. None of the professors of the control group belonged to the initial population of inventors of the 245 patent applications investigated in this study. Names of these professors were obtained from the home pages of their departments and as necessary, they were asked by e-mails and/or telephone calls to provide their cvs. All members of this group were professors, mainly male, and aged between 35 and 60 years. Members of this group had the same background characteristics, belonging to a same institution; same departments and face the same labor market conditions that can affect performance. Analysis of the cvs identified two sub-groups. The first sub-group was made of 10 professors who all had previous industry work experiences. Seven of them had patent applications before the period in which patent applications are investigated in the present study, i.e. before 1996, and the remaining three professors had no applications. The second sub-group included 20 professors who had no previous industry work experience. None of them had a patent application.
Research methodology
The selection approach clearly made the two sub-groups of the control group significantly homogeneous and thus suitable for the comparison of their inventiveness based on the sole effect of previous industry working experience. In other words the threats to validity of comparison of the two sub-groups were significantly minimized.
Considerable weight was thus given to the sole criteria of comparison, and the previous industry working experience, and the latter was zero in the second sub-group of control group, made of 20 professors. Due to the large magnitude of the difference in inventiveness of the two sub-groups of the control group, it appeared unnecessary to validate such difference through other statistical tests. Table 1 shows the % of patent applications by the five universities for the last 10 years.
Results and discussion

South African universities' inventive activity profile
The University of Pretoria has the most applications followed by Stellenbosch University.
The University of Cape Town and the University of Witwatersrand, Johannesburg display similar performance and are followed by the university of the North West. Table 8 shows the performance of the control group in patent applications. It can be seen that our findings support strongly the hypothesis that previous working experience in the private sector affects inventive activity. Table 8 . In the second leg of the investigation we find that industrial work experience actually enhances inventive capacity (as measured by patent applications). Inventive capacity of professors endowed with industry experience typically differs from that whose entire career is spent in academia. Prior industry working experience of scientists working at university appears to be an effective mechanism (through which knowledge is transferred from industry to university and) that increases the university's inventive activities. The evidence displayed by the test of the control group seems in line with the general observation on the strong association between industry work experience and patent applications. Our findings support strongly the hypothesis that previous working experience in the private sector affects positively inventive activity.
Control group
Number of professors
Conclusion and recommendations
The analysis of inventive activities of the five South African institutions considered in this study at domestic level reveals that CIPRO provides a more detailed picture of South In the second leg of the investigation we find that prior industry working experience of scientists working at universities appear to be an effective mechanism that increases the universities' inventive activities. Invention is certainly a complex process that heavily requires specific skills from various areas of industry (production, development and applied research, etc.) which have to be combined with other resources to generate novel and useful product or process. Our findings are similar to those of Dietz and Bozeman (2005) supporting the view that the intersectoral job change by researchers from industries to universities is associated with the spillover of industry-specific human capital (learned and accumulated over time through working experience) to universities.
We also support the view that the spillover of the industry-specific knowledge is an effective mechanism in supporting new knowledge generation capacity needed in invention. We suggest that the foregoing views are universal. They hold, for example, even in South Africa where the patenting culture and the supporting mechanisms for innovation available in the developed economies are not present. While it will be important to verify this linkage between prior industrial working experience and academic inventiveness in other countries, we suggest that this is an international phenomenon and that universities wishing to improve their entrepreneurial character should aim to employ academics with industry prior experience.
